ABSTRACT
Introduction

1
Wrist splints (or braces) are often prescribed during rehabilitation to limit wrist motion 2 and provide additional support. Typically, these devices are prescribed for night-use and/or 3 during inactive periods but have become increasingly common in the workplace. Wrist splints 4 are often applied to the dorsal aspect of the hand and should reduce extensor muscle activity by 5 supporting the wrist joint thus reducing the need for muscular co-contraction to maintain posture. 6 Without splinting, co-contraction of the flexor and extensor muscles must occur at the wrist to 7 allow for the performance of finger flexion movements while maintaining wrist posture (Snijders 8 et al., 1987) . However, the effectiveness of splinting during active use is inconclusive. During 9 active use, wrist splinting has been shown to decrease forearm extensor muscle activity (van Elk 10 et al., 2004) , have no beneficial effect (Johansson et al., 2004) , or increase muscle activity 11 depending on the type of orthosis (Bulthaup et al., 1999) . Bulthaup et al. (1999) found that wrist 12 extensor muscle activity was higher using a long splint versus a short splint while flexor carpi 13 radialis activity increased using either splint when compared to no splint. More recently, a 14 commercially available soft brace was found to have no effect on forearm flexor or extensor 15 activity, while a long stiff splint significantly increased both flexor and extensor muscle activity 16 (Johansson et al., 2004) . In addition, while finger dexterity may not be affected by all dorsal 17 wrist orthoses, grip strength likely decreases (Stern, 1996) . wrist postures were used to evaluate whether the relationships would hold in varied postures. 1 Specifically, the study was designed to test the hypothesis that a simple dorsal wrist brace would 2 reduce the need for co-contraction for moment balance as evidenced by reduced wrist extensor 3 muscle activity. Maximal grip force was determined in a neutral wrist posture, with maximal exertions 8 performed until two grip forces were achieved within 5% of one another (3 efforts were required 9 by 5 subjects). The highest grip force was then used to set the relative target forces in the 10 protocol by calculating the mean value over a 500 ms window centered about the peak force in 11 the trial. Participants were given a minimum one minute rest period between trials and were 12 instructed to release the dynamometer and relax their hand while resting their forearm on the 13 platform. flexion-extension, radioulnar deviation, circumduction as well as maximal grip force. Bias was 1 determined during a quiet trial and was removed prior to normalization.
2 Average, normalized EMG (AEMG) was calculated after the EMG signal was full-wave 3 rectified and low pass filtered at 3 Hz (linear envelope signal). "Pre-exertion" AEMG was 4 calculated over a 1.5 s window during which the subject was instructed to hold the dynamometer 5 but prior to exerting the target grip force ("holding force"). The "target force" data was 6 calculated over a 3 s window during which the target force level was maintained constant. 
Results
14
During the "pre-exertion" phase (prior to grip force production), holding (grip) force was 15 significantly lower when splinted (F 1,9 = 11.5, p < 0.008). Although an additional grip force was ************************ 1 Table 1 2 ************************ 3 4
Discussion
5
The current study quantified forearm muscle activity with and without splinting while 6 gripping using a total of four levels of isometric grip force, as well as a "pre-exertion" time 7 period. In general, we found that dorsal wrist splinting was associated with forearm extensor, as 8 well as flexor, muscle activity which was (i) lower when holding the dynamometer without 9 exerting force, (ii) similar at low to moderate force levels (12.5, 25, 50% maximum) and (iii) 10 higher during maximal efforts. Without additional grip production, the splints acted to support 11 the wrist resulting in lower activity in all muscles during the "pre-exertion" phase partially due to 12 a reduction in residual grip (holding) force (by less than 1 N). This effect was not noted at low 13 to moderate force levels and activity was marginally increased at high grip force levels indicating 14 that the splint may be counterproductive given that the grip forces generated were the same with 15 and without the splint. 16 During the (pre-exertion) phase prior to generating the additional grip force, the splint 17 proved to be helpful in supporting the wrist joint against gravity as evidenced by lower muscle 18 activity and slightly (yet significantly) lower residual grip forces (Figure 1 and Table 1 ). When 19 the splint was used, there was a significant reduction in ECR and FCR activity. This was 20 presumably due to participants using the splint to support some of the load that would be 21 expected in the radial muscles to counteract gravity given that the standard posture required a 22 neutral forearm and no radioulnar deviation. During gripping, significant increases in muscle activity were evident between splinting 1 conditions only at maximal efforts. Thus, splinting as a component of wrist rehabilitation may 2 be appropriate at rest and low to moderate force levels, but not when high forces are expected. The current findings are similar to several other studies with some subtle differences. For 9 example, Johansson et al. (2004) found that a stiff volar orthosis increased flexor activity at 40% 10 maximum voluntary contraction but neither a soft commercial splint nor their stiff volar splint 11 affected extensor activity. Bulthaup et al. (1999) found increased non-normalized extensor carpi 12 radialis brevis (ECRB) muscle activity when using a long splint versus a short splint during 13 simulated pouring from a can (with forearm pronation). However, they found no difference 14 between a short splint and a free wrist while FCR activity increased with addition of either splint.
15
It should be noted that the functional task in that study would likely not be directly comparable 16 to our maximal effort. Jansen et al. (1997) reported that only a semi-circular volar splint reduced 17 ECRB activity in a series of functional and gripping tasks. In grip tasks, the semi-circular splint 18 reduced ECRB activity by 6% but all splints tested were found to significantly reduce grip 19 strength. Thus the design of the splint and type of tasks tested play an important role in study 20 outcomes.
21
While the general purpose of splinting is similar for all joints, there may be body part or abdominal and lower back muscle activity (Kawaguchi et al., 2002) . The spine stiffening effect 1 of a lumbosacral orthosis has been estimated to reduce trunk muscle activity by up to 14% of 2 maximum activation with a small reduction in spine compression (Cholewicki, 2004) . Function 3 appears to be an important factor as knee brace use during walking was found to increase 4 quadriceps EMG but not hamstrings (Diaz et al., 1997) . The lack of reduced EMG during 5 splinted gripping in the current study is likely indicative of the functional role of the splint and 6 provides some support to the slight increase in carpal tunnel pressures with active wrist splint use 7 (Rempel et al., 1994) , and also likely result in elevated wrist joint forces. (to reduce wrist torque) may act to reduce muscle activity and operator effort (Johnson, 1988), 15 but perhaps require further evaluation from a total muscle loading perspective (flexor/extensor 16 and proximal/distal). Additionally our data indicate that workers may benefit from some sort of 17 bracing or support between active tasks at work.
18
There are a few limitations associated with the current study. First, only simple isometric 19 gripping tasks were used. Results may differ with dynamic unsupported tasks. Secondly, 20 caution should be used when generalizing the effects from our simple plexiglass splints to 21 commercial products as they were a fixed length and fit individuals slightly differently force generation. The constant 50 mm grip width used may have resulted in non-optimal grip 1 sizes for some participants but it was deemed more representative of the workplace where hand 2 tools have fixed handle dimensions. Finally, it is unlikely that any cross-talk occurred in the 3 collected EMG signals given our previous work which indicated that there is minimal cross-talk 4 between forearm muscles with proper electrode placement (Mogk & Keir, 2003b). 5 In conclusion, this study revealed that wrist splinting under low to moderate grip force 6 conditions can assist to support the wrist joint but should be avoided when exerting maximal 7
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